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T ' HE Engineering Experiment Station was established by- /
] act of the Board of Trustees of the University of Illinois
on December 8, 1903. It is the purpose of the Station to
conduct investigations and make studies of importane6 to the
engineering, manufacturing, railway, mining, 'and other industrial
interests of the State.
The management of the Engineering Experiment Station is
vested in an Executive Staff composed of the Director and his
Assistant, the Heads of the several Departments in the College
of Engineering, and the Professor of Industrial Chemistry. This
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erning the work of the Station, including the approval of material
for publication. All members of the teaching staff of the College
are encouraged to engage in scientific research, either directly or
in codperation with the Research Corps composed of full-time
research assistants, research graduate assistants, and special
investigators.
To render the results of its scientific investigations available
to the public, the Engineering Experiment Station publishes and
distributes a series of bulletins. Occasionally it publishes circu-
lars of timely interest, presenting information of importance,
compiled from various sources w'hich may not readily be acces-
sible to the clientele of the Station.
The volume and number at the top of -the front cover page
are merely arbitrary numbers and refer to the general publica-
tions of the University. Either above the title or below the seal
is given the number of the Engineering Experiment Station bul-
letin or circular which should be used in referring to these pub-
lications.
For copies of bulletins or circulars or for other information
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THE CLASSIFICATION OF COAL
I. INTRODUCTION
1. Introduction.-Solid fuels of any sort are complex in character;
hence the impossibility of assigning to the various types exact physical
or chemical properties by which they may be known and set off into
distinct groups. For example, solid fuels as a whole may be divided
into three general classes, wood, peat, and coal, but each type has
many variables within its own range, while the border line between
types becomes dim if it does not fade out altogether.
In 1821 the total output of coal in the United States was 1322
tons, all anthracite. There was a period, therefore, in this country
when wood was the dominating fuel. Indeed, previous to 100 years
ago, over 95 per cent of the fuel used was wood, and a classification
quite sufficient for the period involved hardly anything more than a
designation of the variety of tree from which the wood was derived.
"Shell-bark Hickory" or "Hard Maple" or "Pine" were terms suffi-
ciently distinctive to serve the purpose of classification for the kind
of fuel then most generally used. However, at the present time neither
wood nor peat have any status as a fuel, because of the abundance
and cheapness of our coal supplies. This may be the more readily
appreciated when it is noted that in the United States the present
annual output of coal of all classes amounts in round numbers to
approximately 600 000 000 tons. This tonnage represents an aggre-
gate value at the mines of approximately one and three-fourths billion
dollars.
The magnitude and importance of this commodity are alone suffi-
cient to indicate the need of some system of classification which would
at least serve the purposes of description or of reference and study,
all of which show a marked growth in magnitude and importance
somewhat commensurate with the growth in production and industrial
significance of the coal output of the country.
2. Acknowledgments.-The scheme of classification here set forth
has resulted from experiments and studies at the University of Illinois
extending over many years and taken part in by many individuals,
both students and instructors. The list of names would be a long one
if an attempt were made to reproduce them all. Special acknowledg-
ment, however, should be made to ELMER B. VLIET, for the use of his
calculations and data for his master's thesis. Special reference should
also be made to the work of FLOYD B. HOBART who has assembled the
ILLINOIS ENGINEERING EXPERIMENT STATION
data and prepared the charts, and without whose help this presentation
would have been impossible.
The investigation has been carried on as a part of the work of
the Engineering Experiment Station, of which DEAN M. S. KETCHUM
is the director; and is one of the researches in Applied Chemistry
carried on under the direction of PROFESSOR D. B. KEYES, Professor of
Industrial Chemistry.
II. HISTORICAL SKETCH OF COAL CLASSIFICATION
3. Former Methods of Classification.-In each coal producing
country a method of classification came into vogue which was a direct
development of methods of study or trade requirements peculiar to the
several coal producing regions. Regnault in France was probably the
first chemist to make ultimate analyses of coal, and the Griiner sys-
tem of classification utilized the values thus obtained, especially the
percentages for carbon, hydrogen, and oxygen. He drew his con-
clusions as to type from percentages of total carbon and also from
the ratio of oxygen to hydrogen. Wedding in Germany put more
stress on the percentage of volatile matter. In England in the earliest
conception as set forth in Ure's "Dictionary of Arts, Manufactures, and
Mines" (1846) under "Pitcoal," and also in the older editions of
Watt's "Dictionary of Chemistry," the terms used for designating
different coals were not chemical, but almost wholly derived from phys-
ical properties and industrial uses; hence the introduction of terms
which still have a place in coal technology, such as cubical, cherry,
caking, splint, non-caking, glance, etc. In recent years Seyler has
rescued the English coals from a terminology almost meaningless, at
least to the foreigner, and inaugurated a scientific method based on
chemical values.
In America the first suggestion of a basis for classification is
found in the report of Professor Walter R. Johnson to the United
States Navy, printed in 1844 as Senate Document 386.
"This report constituted a book of 606 pages and gave in detail
the data connected with complete evaporative tests on forty-three
samples, three of which were shipments from England, Scotland, and
Nova Scotia, and one was American wood. In setting forth the re-
sults, 200 tables were required which for the most part were double
page in size. In one of these tables, Johnson, following a propensity
which characterized many of these tables put his results in the form
of a ratio and in this particular table the coals tested are arranged in
the order of the ratios of the fixed carbon to the volatile matter and
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this ratio is shown to have a constant relation to the evaporative power
of the fuels tested. Here, it will at once be seen, originated the term
'Fuel-Ratio' which in a general way serves as an index of coal values."*
It remained for Professor Persifor Frazer, however, to indicate
the true significance of this ratio. Professor Frazer's paper, in which
he proposed a scheme of coal classification based on Johnson's idea of
fuel ratios, was read at the Wilkes-Barre meeting of the American
Institute of Mining Engineers for 1877, and the terms there proposed
have stood substantially unchanged to the present time. It is inter-
esting to note in this connection that for the 25 years following the
publication of Professor Frazer's paper, studies on coal were very
meagre; while in the next 25 years, immediately following the organi-
zation of the United States Bureau of Mines and other agencies, a
very marked impetus in the matter of coal investigation was begun,
so that at the present time a mass of data has accumulated which
suggests the possibility of extending, or better, perhaps, reconstruct-
ing, our basis for coal classification in a manner which would have
been impossible in the earlier years.
It is not intended here to review in detail the discussions on coal
classification which have been a marked characteristic of the literature
of fuel technology. Campbell, Grout and Ralston have had access
to and made excellent use of a mass of present-day analytical values
and have presented the topic largely from the scientific standpoint.
Ashley has made numerous propositions for what he terms a "use
classification" of coal. A discussion of the merits of these various
propositions cannot be entered into here. A bibliographic list, how-
ever, is appended which will be found valuable to any one who wishes
to study the development of the topic of classification. It may be
proper, however, to note here that in Bulletin 37 of the University of
Illinois Engineering Experiment Station (1909) on pages 35 and 36
are contained substantially all of the basic elements of classification
which enter into the system as herein set forth.
III. FUNDAMENTAL FACTORS IN COAL CLASSIFICATION
4. Oxygen Content and Volatile Matter.-One need take only a
superficial view of the coal studies in this and other countries to see
that there are a few fundamental factors that seem to have been se-
lected to carry most of the burden of determining the specific
properties that differentiate the various coals from each other. Among
*Parr, S. W., "Fundamental Studies on Coal." Proceedings of the International Confer-
ence on Bituminous Coal, Pittsburgh, 1926, p. 640.
Also Parr, S. W., "A Pioneer Investigator." Jour. Ind. Eng. Chem., Vol. 18, p. 94, 1926.
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FIG. 1. DECOMPOSITION STAGES OF VEGETAL MATERIAL
these factors there are two that seem to be most important from this
point of view. These are the content of oxygen, and the percentage
of volatile matter. The latter is the natural result of geological pro-
cesses such as decay, pressure, and heat, and the effect of these is well
illustrated by a chart (Fig. 1) showing the hypothetical changes which
solid fuels have undergone in arriving at their present stage in the
cycle of geological transformation.*
In this figure the upper line of geological decomposition by decay,
pressure, etc., because of its relation to the lower line of carbonization
by destructive distillation, becomes of special significance when an
attempt is made to formulate any system of classification which shall
be reasonably scientific and at the same time of practical or industrial
value.
As a matter of fact, since the loss by pressure and heat largely
consists of compounds of oxygen, hydrogen, and carbon, these geo-
logical alterations are in effect a method of carbonization, and are
clearly related to the lower line showing carbonization by means of
destructive distillation wherein only fixed carbon remains. Between
these two stages of decomposition is the volatile matter, and obviously
it is the deciding factor which governs the character of the residuum
left as a result of the geological changes. Not only is the relative
quantity of volatile matter of fundamental importance, but the extent
*Adapted from Bulletin No. 3, Illinois State Geological Survey, p. 29, 1906.
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of residual oxygen is also of decided significance in its influence upon
the character of the fuel of which it is a part. This feature is still
further illustrated by Fig. 2, where three types of coal are presented
in diagrammatic form with reference to their composition.
Within the total "volatile matter" for each type a shaded portion
is set off which represents the relative amount of oxygen compounds.
Since these oxygen compounds already represent a saturated con-
dition so far as heat of oxidation is concerned they are here repre-
sented as so much inert material, but the obvious effect from the
standpoint of classification is that with higher or lower content of
these constituents a decided difference in quality and character of
the coal is found. Those fuels with the higher percentage of inert
substance are in a less advanced stage of fuel development. They find
their place toward the left areas in Fig. 1, and in geological terms are
referred to as the younger or more recent coals.
It is evident from the foregoing, therefore, that both volatile
matter and oxygen are vitally related to type, and since the presence
of oxygen in higher or lower amounts will affect the calorific value,
that constituent can most readily be given expression through the
medium of the heating value. A converse statement can also be made
which still further accentuates the part which the calorific value may
be made to play in indicating type. The volatile constituents of fuel
are almost entirely made up of combinations of carbon, hydrogen, and
oxygen. The more hydrogen there is available, the higher will be the
calorific value, and since high oxygen reduces the amount of available
hydrogen it is again seen that calorific value may be used as a direct
index of type.
To use calorific values for purposes of classification involves cer-
tain specific and very fundamental considerations. It can be readily
understood in the first place that all extraneous or adventitious matter
must be eliminated, so that the indicated calories may be made to
relate definitely to the pure coal substance. Only by strict observance
of that principle can variations in heat value be interpreted to mean
variation in type. That is to say, under proper conditions of reference,
namely, to the pure or unit coal substance, the heat value may be
made an index of variations in the constitution or type of fuel. An
increase of oxygen in the unit coal substance, since it is accompanied
by a decrease of either the hydrogen or carbon or both, has a nullify-
ing effect upon the calorific value of the unit coal substance and vice
versa, so that the interrelation of these elements and their effect upon
calorific values when divorced from all extraneous material operates in
a manner to accentuate or serve as an index for variations in type.
5. Unit Coal.-Unit coal is the pure coal substance considered
altogether apart from extraneous or adventitious material which by
accident or through natural causes may have become associated with
the combustible organic substance of the coal.
It is evident from the methods of procedure used in arriving at
analytical values that none of the processes employed will give di-
rectly the amount of pure fuel substance present in any given case.
This is more evident in the case of ash determinations for coal. The
ash as weighed is not an exact measure of the inorganic substance
present in the original coal. Such items as the hydration of the shaley
constituents, the presence of carbonates, or sulphur, especially in the
form of iron pyrites, should be looked upon as impurities and not
allowed to enter into those considerations which are supposed to be
based specifically upon the pure coal substance. In arriving, there-
fore, at percentage factors which differentiate the pure coal substance
from the non-coal substance, the following formula has been proposed:
Non-coal = M + A + j S + 0.08 (A - 10 S)
in which M is moisture
A is ash as weighed
S is sulphur
- S restores the Fe20 3 as weighed in the ash to FeS2, as weigh-
ed in the coal, 3 oxygens or 48 in the ash having been
originally 4 sulphurs or 128 in the coal
i'ýK S represents the equivalent of Fe203 as weighed in the ash,
that is, the FeO23 molecule, 160, is 10 of the sulphur present
in the coal
(A - -1 S) is the ash as weighed minus the Fe20 3
0.08 is a constant applied to the iron-free ash to restore the
water of hydration to the earthy matter less iron pyrites,
thus representing the true amount of shaley constituent as
weighed in the original coal
Where values are given on the dry basis, the M disappears and
the formula becomes:
Non-coal = A + -S + 0.08 (A - 10 S)
Simplifying this equation we have:
Non-coal = 1.08 A + -HS
and in its final form the equation as used becomes:
Non-coal = 1.08 A + H>S
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Here the fraction - S has been changed slightly to -jS or 0.55S, as
being in the direction of simplifying the calculation as well as pro-
moting accuracy by compensating for the sulphur not in the pyritic
form.
Attention has already been called to the use that may be made
of calorific values in coal classification, but with the very fundamental
proviso that such values be applied to the pure coal substance. This
involves not only the elimination of all mineral and extraneous matter,
but the correcting of the values ordinarily obtained in analysis, es-
pecially for ash, in such a manner as to make it possible to arrive at
the percentage of actual combustible or unit coal substance in the
original material.
If the formula for the non-coal substance as given is a correct
expression for that material then the pure or unit coal becomes:
Unit coal = 1.00 - (1.08A + -S)
which gives a basis of reference for the utilization of calorific values.
6. Unit B. t. u.-From the expression which has been developed
in the.preceding discussion for unit coal it follows obviously that the
calorific value for unit coal, the unit B. t. u., would be represented by
the indicated heat value as derived by the calorimeter, divided by the
unit coal factor, thus:
indicated B. t. u. - 5000S1.00 
- (1.08A + 
-HS)
The expression 5000 S is used as indicating the resultant of the
burning of the sulphur to SO, and the iron to FeO,. A detailed ex-
planation for the factor as thus adopted is given in Appendix A. The
propriety of eliminating the heat of the sulphur is obvious from the
purpose involved, namely, to arrive at the heat value for the pure coal
substance free from all extraneous matter not basically involved in
governing the type of organic material which enters into the con-
stitution of the actual coal substance.
The development of the formulas representing the non-coal, the
pure or unit coal, and the unit B. t. u. as set forth are, in the main,
based on theoretical considerations. The question naturally arises as
to their correctness when put into actual use. Can verification of
their value be demonstrated by empirical as well as by theoretical
processes?
7. Evidence of Accuracy of Formula.-Several methods for veri-
fication of the formula suggest themselves. Obviously for a sample of
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TABLE 1
COMPARISON OF UNIT COAL VALUES ON FLOAT AND SINK








4 South Africa fFloat
fSink
5 South Africa fFloat
ISink
6 South America JFloat
\Sink
7 Alabama-Pratt Seam Float
Walker County [Sink
8 Ala. Mary-Lee Seam JFloat
Jefferson County ,Sink













































































































































coal with high ash, or a high ash sample obtained by use of the "sink"
and "float" method of separation, the formula would give unfavorable
results if the 8 per cent constant as applied to the ash were wrong. If
this factor is correct, then, so far as ash variations are concerned, the
B. t. u. values for unit coal as calculated should be substantially the
same for the same coal, no matter what the ash content. Similarly,
the sulphur corrections, when applied to wide variations in sulphur
in the same sample, or in samples from the same mine, should not
produce a divergence in the thermal values when calculated to the unit
basis. A great mass of data has accumulated from which only a
limited number of illustrations need be given. However, those se-
lected are typical, and cover widely separated localities and prac-
tically all types of coal.
Table 1 is an assembly of results from samples which have been
subjected to the "sink" and "float" process. By this procedure each
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sample is divided into two parts with widely different values for the
ash and sulphur. Manifestly the calculation of the indicated heat
value to the corresponding value for the unit coal substance furnishes
a crucial test for the suitability of the factors chosen for correcting
the ash with reference to water of hydration and for sulphur.
At least two other methods have been used to a greater or less
extent for deriving the pure coal substance. If the results obtained
by use of these formulas are compared with those obtained by the one
here proposed, the discrepancies resulting in the case of sink and float
samples of the same coal afford further confirmation of the value of
the new formula. A tabulated selection of a few cases only can be
given in this connection, as shown in Table 2.
The derivation of (a), (b), and (c) by the formulas as given in
Table 2 may be understood from the following:
The expression B. t. u. is the indicated heat value as obtained
directly by means of the calorimeter. A is the ash as weighed, and S
is the sulphur in per cent.
The method under (a) is the usual "ash and moisture free" for-
mula as employed by the engineer for determining the heat values for
"combustible."
Under (b) is the method employed by Lord and Haas for de-
termining the value of "H," i.e., the heat to be credited to the pure
coal substance free from moisture, ash, and sulphur.*
Under (c) the formula is that for "unit coal" as herein presented,
and has already been discussed in detail.
Note that the analytical values are on the "dry coal" or moisture-
free basis. Hence "W" for water is not introduced into the formulas.
The marked agreement in float and sink values under (c) is
additional evidence of the correctness of the new formula as herein
developed.
8. Significance of Volatile Matter.-The other distinguishing
factor, that is, the ratio of the volatile material to the unit fuel, is
an equally important factor in determining the type to which a fuel
should be assigned. It will be evident at once that the factor for the
volatile matter may also be derived by means of the same corrections
as are used in developing the unit substance. Since the volatile matter
as determined in the ordinary method of proximate analysis includes
as a non-coal constituent the water of hydration of the shaley con-
stituents of the ash, and essentially one-half of the total sulphur, these
factors may enter into the calculations in deriving the unit volatile
*Trans. Amer. Inst. Min. Eng., Vol. 27, p. 259, 1898; also Lord and Somermeier, "Report
on Coal," 4th Geol. Sury., Ohio, 1908, p. 268.
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matter of the coal. Hence, the actual or true volatile matter, V, re-
sults from the following expressions:
V = volatile as determined - (water of hydration + ~ S)
Water of hydration = 0.08 (ash as weighed - 80S)
V = volatile as determined - 0.08 (ash as weighed - 1°0 S) - ; S.
V = volatile as determined - (0.08 A + 0.4 S)
Hence, percentage of V, or unit volatile
volatile as determined - (0.08 + 0.4S)
1.00 - (1.08 A + 0.55S)
These expressions are based on "dry coal" values, and their deri-
vation is readily understood from the illustrations given for the de-
velopment of the formula for unit coal. One item only may call for a
word of explanation. The desirability of eliminating the sulphur from
the volatile matter is obvious. This is accomplished by subtracting
one-half of the total sulphur present in the coal. Warrant for the use
of this factor is found in University of Illinois Studies No. 7.* Here
are given the values for total and "fixed" sulphur and "volatile sul-
phur" by difference. For the 150 samples of coal analyzed, especially
for deriving these factors, the average percentage of sulphur dis-
charged in the volatile form in the ordinary method for determination
of volatile matter and fixed carbon was 51.5 per cent of the total sul-
phur present in the coal.
9. Use of Calorific Value and Percentage Votatile Matter as Basis
of Classification.-In order to utilize the two factors thus obtained,
namely, the calorific value of the unit fuel, and the percentage of unit
volatile matter, a two-dimension chart is employed in which the
abscissas give the percentage of unit volatile matter and the ordinates
the thermal values of the unit fuel substance, as shown in Fig. 3.
The areas shown on the chart, moreover, will not only indicate the lim-
iting boundaries for the several types of solid fuel, but any individual
sample will automatically be so located within its group boundary as
to show its relation to the group as a whole and to neighboring groups
as well. In this manner, as should naturally be expected, there will
be found a certain amount of blending of types at the group bound-
aries; but even so, this is in accord with the fact that the processes of
formation have been progressive in character rather than definitive.
An advantage even may be thus seen in the fact that the location of
an individual type within its group area becomes significant. The
chart as presented in Fig. 3 is intended, therefore, to indicate simply
the areas for the types of natural solid fuels as here recognized.
*Parr, S. W., The University Studies, Vol. 1, No. 7, 1904, p. 24, and Table IX, pp. 33-40.
THE CLASSIFICATION OF COAL
For the purpose of locating a coal within the area which will
represent its type it will be seen that it is only necessary to make a
calculation from the values obtained in an ordinary proximate analy-
sis, including the calorific value and the sulphur content, as already
shown.
10. Representative Analytical Data for Type Samples of Solid
Fuels.-It will be in order now to assemble representative analytical
data for the different solid fuels so that the type characteristics of
each may be developed. It will be evident at once that of the mass
of analytical values now available only a limited number can be used,
but an attempt has been made to make representative selections in
sufficient number to furnish a good illustration of the various types
now generally recognized. The fuels may be divided according to the
following types:
Type 1-Anthracite (Table 3)
Type 2-Semi-anthracite (Table 4)
Type 3-Bituminous A (Low volatile or Pocahontas) (Table 5)
Type 4-Bituminous B (Eastern) (Table 6)
Type 5-Bituminous C (Mid-continental) (Table 7)
Type 6-Bituminous D (Sub-bituminous or black lignite) (Table 8)
Type 7-Lignite (Table 9)
Type 8-Peat (Table 10)
Type 9-Cannels (Table 11)
By way of illustration representative samples of solid fuel for
each of the types have been assembled with complete analytical data,
from which their location in the several group areas has been indi-
cated in Fig. 4. These locations have been derived from analytical
values which are shown in Tables 3 to 11, inclusive. In Table 12 the
values for unit volatile and unit B. t. u. are the type averages as de-
rived from these tables.
In Fig. 4 the type coals from each group have been located by
dots, while the average for each group as listed in Table 12 has been
located on the chart by small circles.
In Fig. 5 over 600 coals have been located on the chart from data
as derived mainly from United States Bureau of Mines and Geological
Survey publications. The values thus taken may be verified by means
of the laboratory numbers and the key references reproduced from the
published report for this purpose. These locations represent all of the
samples given in Tables 15 to 25 inclusive.
Coals of the world outside of the United States are given in
Table 26. These coals, 150 in number, have not been charted but
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THE CLASSIFICATION OF COAL
their class designations, resulting from application of the analytical
data, are given in the last column of the table.
IV. PARR SYSTEM OF COAL CLASSIFICATION
11. Comparison of Systems of Classification.-The close rela-
tionship of the several types thus indicated and the divisions resulting
from other methods of classification will readily be seen by compari-
son with related methods.
Seyler* uses the terms (1) anthracite, (2) carbonaceous, (3) hy-
drocarbonaceous or bituminous, (a) meta-bituminous, (b) ortho-bi-
tuminous, (c) para-bituminous, (4) carbo-hydratous, or lignitous.
These divisions are based upon the limits for carbon, hydrogen,
oxygen plus nitrogen, and volatile matter. It will be seen that these
subdivisions as named by Seyler are in close agreement with the
classification here followed if, as has been done by Seyler, a chart
is superimposed delimiting the boundaries for the carbon, hydrogen,
and oxygen values for the various groups upon the areas as defined
by the calorific values and the factor for the unit volatile matter. In
this way the designation of the various groups, which, as already indi-
cated, closely correspond to each other, can be listed in such a way
as to show the agreement between the various types as shown in
Table 13.
Unfortunately, as will be obvious from a comparison of the terms
used for the various groups as thus listed, the proposals for giving
names to type substances are widely at variance. The listing, there-
fore, of the typical solid fuels which is here used must be looked upon
as more or less provisional, pending such time as the various students
of coal classification are able to agree upon the terms used and estab-
lish a permanent nomenclature.
Reference should be made, however, to the use in the list of nat-
ural fuels and in the chart, Fig. 4, of the terms used for the subdi-
visions of bituminous coals; namely, A, B, C, and D. The argument
in favor of the use of these terms over existing designations may be
stated as follows:
The sub-division of bituminous coal into the groups A, B, C, and
D is consistent with the relative ranks in the order of designation as
thus indicated. That is to say, Bituminous A, or the low volatile,
*Seyler, Clarence A., "The Chemical Classification of Coal," Fuel in Science and Practice,
Vol. 2, p. 272-273.
Ibid., Vol. 3, pages 15-26, 1924.
Ibid., Vol. 3, pages 41-49.
Ibid., Vol. 3, pages 79-83.
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coals would normally be given the highest rank, and the designation
of Bituminous D, or the sub-bituminous, coals would be thus rated
according to their ranks in the general bituminous family. In this
manner the term "semi-bituminous" for coals of the low volatile or
Pocahontas type is avoided. The term "semi-bituminous," it is uni-
versally agreed, is unfortunate and inconsistent. Seyler's term of
"carbonaceous" for this division is equally objectionable. . The terms
used by him, ortho-, para-, and meta-, while acceptable to the student
of coal constitution, are not so readily interpreted by the layman as
the letters B, C, and D. As already indicated, however, these subdi-
visional terms in the bituminous family are not at the present time
universally agreed upon.
As has already been pointed out, the position of each coal within
the proper area indicates the relation it bears to the other members
of its own rank, and also the approximation in the matter of constitu-
tion to the composition of the coals of neighboring areas.
In each class of the true bituminous coals, A, B, and C, there
may occur subdivisions, such as long or short flame, caking and non-
caking, or splint coals, but no attempt at these ultimate subdivisions
is made here. These characteristics are in evidence upon use, do not
seem to follow any definitely marked variation in composition, and
are consequently not susceptible of classification along distinctly
chemical lines.
The lignites, or Type 7, as well as the peats, Type 8, group them-
selves into distinctive areas even more definitely than fuels of the
higher ranks. Wood, or Type 10, is equally distinctive and falls en-
tirely outside of or below the chart; that is, it has a lower calorific
value than the 9000 B.t.u. line of the chart.
The cannel coals, or Type 9, are highly resinous because of the
predominance of spore bodies in their composition, a, condition which
is at once in evidence as accounting for the high heat value and high
percentage of volatile matter in their unit constituents.
12. Parr System of Classification.-The formula for arriving at
the unit coal substance was first proposed in 1908 and published as
Bulletin No. 37 of the Engineering Experiment Station in 1909. In the
descriptive matter of that bulletin the method of arriving at the unit
coal formula was given in detail, and the heat values for unit coal
were calculated for all of the samples for which analytical data, were
available, at that time numbering approximately 350 samples. These
samples covered a wide area, and the results included analytical data
from the Ohio State Geological Survey and the U. S. Geological Sur-
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vey, in addition to those accumulated in the laboratories of the
Station. Subsequent studies and practical utilization of the formula
have emphasized the value of the unit factor thus obtained, especially
in the study of alterations in the coal substance as a result of weath-
ering and oxidizing conditions. In studies made by Vliet in 1917*
a number of curves were tested out to determine if any available
factors other than volatile matter and B.t.u. could be used to advan-
tage as the basis of a system of classification. In that study use
was made of the percentage of oxygen and total carbon, the per-
centage of volatile matter, the percentage of oxygen, and the
percentage of volatile matter and total carbon. It was found that all
the combinations could be used to good advantage as far as results
were concerned. None of the combinations seemed to give better
results than the one here suggested. After the value of the formula
has been tested out in a practical way, in work done by the Station
and by others, the advantages to be derived from its use have become
more and more apparent. At the present date, however, the editions
of the earlier publications giving the derivation and application of
the formula have become exhausted.
It seemed desirable, therefore, in the present bulletin to give
again the derivation and application of the formula on which the
Parr system of coal classification is based, as well as to set forth the
evidences of its value, and to present again some of the reasons for
adopting it in its present form.
In the following tables the coals of the United States, and also
those of the rest of the world are arranged according to the Parr
system of classification. Since a very much wider range of analytical
values is available at the present time than formerly, these have been
embodied in the tables, which offer an opportunity for the further
testing out of the applicability of the formula, as proposed, as a basis
of classification.
VlChem iet, E. B. "The Clessification of Coal," Thesis for Degree of Master of Science inChemistry, Univ. of Ill.
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f Letter indicates the reference
Key References Numeral indicates the page
a = Bulletin No. 85, U. S. Bur. of Mines
b = " " 22,
c = " " 123,
d = " " 621, U. S. Geol. Survey
e = " " 16, U. S. Bur. of Mines
f = " " 193,
g = " " 119,
h = " " 339, I. S. Geol. Survey
i = " " 29, Ill. State Geol. Survey
j = Coal Catalogue (1926)
k = Coal Resources of the World (1913)
1 = Report No. 14 Sci. & Ind. Research Council of Alberta. (1925)
m = Fuel in Science & Practice 2 (1923)
n = Coal and Its Scientific Uses, Bone. (1919)
o = Brennstoff und Verbrennungsvorgang, Authfiuser (1921)
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TABLE 12
AVERAGE OF TYPE SAMPLES TAKEN FROM TABLES 3 TO 11































COMPARATIVE CLASSIFICATION OF SOLID FUELS
Earlier Classification as






































CLASS LIMITS IN PARR SYSTEM OF COAL CLASSIFICATION
Unit Volatile Per cent Unit B.t.u.
Type
Low High Low High
Anthracite................ 0 8 15 000 16 500
Semi-anthracite............ 8 12 15 000 16 500
Bituminous A ............. 12 24 15 000 16 500
Bituminous B ............. 24 50 15 000 16 500
Bituminous C ............. 30 55 14 000 15 000
Bituminous D............. 35 60 12 500 14 000
Lignite ................... 35 60 11 000 12 500
Peat ..................... 55 80 9 000 11 000
Cannel ................... 50 80 15 000 16 500
Sub-cannel................ 55 80 14 000 15 000
Strays.................... Not in above classes
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TABLE 15
ANTHRACITE COALS OF THE UNITED STATES
Unit Volatile 0 to 8 per cent













(Average analysis of Penn-
sylvania anthracite deliv-
ered to Government build-



















































































SEMI-ANTHRACITE COALS OF THE UNITED STATES
Unit Volatile 8 to 12 per cent
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TABLE 17
BITUMINOUS A COALS OF THE UNITED STATES
Unit Volatile 12 to 24 per cent
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TABLE 18
BITUMINOUS B COALS OF THE UNITED STATES
Unit Volatile 24 to 50 per cent
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TABLE 19
BITUMINOUS C COALS OF THE UNITED STATES
Unit Volatile 30 to 55 per cent
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TABLE 20
BITUMINOUS D COALS OF THE UNITED STATES
Unit Volatile 35 to 60 per cent
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TABLE 20 (Concluded)






























































































































































































































THE CLASSIFICATION OF COAL
TABLE 21
LIGNITES OF THE UNITED STATES
Unit Volatile 35 to 60 per cent
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TABLE 22
PEATS OF THE UNITED STATES
Unit Volatile 55 to 80 per cent



















































































































































CANNEL COALS OF THE UNITED STATES
Unit Volatile 50 to 80 per cent
Unit B.t.u. 15 000 to 16 500
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TABLE 24
SUB-CANNEL COALS OF THE UNITED STATES
Unit Volatile 55 to 80 per cent
Unit B.t.u. 14 000 to 15 000
State County Bureau of Mines Lab. Key Unit Unit
Classification No. Reference Volatile B.t.u.
Tex. Webb Cannel 29 021 73f 59.15 14 810
29 024 73f 55.70 14 720
. ... 783j 57.65 14 830
TABLE 25
















































































































000 0 0 < 0000000000 00 0000 00000Q0Q
o co ooooooo000ooose
00 om N 00 00 NOý*ý x N;ý 00 0 00 0 0 0ONN -
00 =0000000 0
S40000400S 0.400000000088888808 8 ~
§000000.~0000000000000000000000000





'4ooi'-. ooooooooooodom2ood o d2 o oO 2 O
C~- N 000 en 00000 N-O en .000000 ONOOOOOOONCe 000
0&
00'f0.-COO N *- N )'-00t000i'000000000000r00000
0000-CO eOn 0000000 N N 0000000 en 0- N 00 NOr-i~i
0».-CO ®ON 0 O NO 00000.M-C en OONC000000 eWi000 O>000
C 1i t ý ci O 1t^ Ci tQ'^ Oci ^Tfi ii C, lUS 19 iiOtlý O'^ 1 tp
en 0 ený ý =ý Ný e: Ný 00 00 ' N .1 .n 00 0 0 N 000
cOe roo oo o o o o o oOOOOO 0 en N 40O.0CNNOOOOOeOOOOO,4.OOOOOO
m 4-o 0 0 =n00o00 N N Nl 00000 N N0000000000o





0t 0 bC U
C)C CC ) c)
->" C~ C C)-r -- - - -c - - - - -c - -c c - -c - - -fIlllllllllllli llilllillillii
































A A pq pq





























































.CO o0^0 C-*^o 0*^O 00 0^*CoS^'!^Co 0t*OCo»^OCo®000Co^'l^
11 r-c -l ic ý 1ý1 1 10 tOR 11 Gý t10- cOtO'l^^CMO tM~ -i O i 1  19cO' c  1ý
00000CoN 0~X~ Co 00 Co Co C0 0C Co o
00Co D- m 10 Cý 0Co Io-C--t 004
0o Co Co Co Io mo C-C oC o . - ol . Co" Co Co C Co Co m- No C mo Co x- mC IC -C
'5Coo o
iid C-COOO tomo000O 0 55COo'oSCC- - COCcOýOCm moC-
m5t Nmmmmmmo- Mmm0CololoOoso^oC oO'oC-Cooooo 00Co00Co
0Co i- io iloilo-lo-1ro »o i< il o 1.- I o ,  1 Co -<^o0 i-l i Col CoC-.00 o fo o r-Co o-l o-I o'
Co .5) Co '0 oC o c- Co Co C. O oCo oO -Co Co o FCo Co CoOoz Co 5 -q C'oC
C ooooooooooooCictOf-iO i^ 'M O SO^'^~^ -WOf-OOSOSS'^ CXoo O l^O S'oltoCnO5C.
Cotlro'~o-noCO^o~<ooD Col-C"loCo~o Co0o<"oC, OS-tOSCOSr O S£00 O sO~











H .n -O cam
~z
s.. t- 0 - U0 00 00 0- r110 i4l 40)- 1))4 ))44 )))4 )4)44 )4 )444 ))
rI r 1 r. r
I




























~0000000 0 oZ Z ZZSSS''''SSS'aaS
0 0 0 0 0 0 
3
..... s^ S <{.fit |.
.0
.o m m N mmm C '<t c
m"0 N00 N 000 00 00 t0 cc l ox0
0 t- N N W 0 o 0
QOONC' tN'0- 0=000. -- 0- e
*^ Cýe WN W 1f'- C! -cO i Nw. i-it»-4>o
00000000000000000000000000
BB MST'00WE 800
0000000000000 > 0 M C*XTtri'0 00-^^^ .0 N 00~l
T-i 00 tt'3i~ 00 0 N -- ^O 0000 0000 f^>^C000
000 00 C 00 00 ^ 0 » l'-M(*^O OO-0 000000 N N~t
000000~iO0 OO0'tyo0. 000 -00O~O~l»~'->Q
SMO00NOW-WW.O-O -- Sl
u s ia.Mlat^^O aMO ct--^^t® s!'^
00 N 0000 ~ 0000 N -
00'.C 000 N ~ ~C 00000
00-0-00-0~ 0000
0C000t0 rN4 00'-0000IG 00000i 00O'Ct'-
00 NM^.O -ON -- r' NON 00
000,C -0 N 000-000
~C 000000 ~ ~C ~
~ 00000,-C000000.~
0 ~ 00000000000 N
00000 N 00 ~ N 0000
~0 00000000-~'i'.~
0000 .' 00 1ý 00 00l: C






000^od--0000000000'001 CI ý t
M'OOOCOOOOOONNNOW





















.300 add o a -.








..C 0000 ~ N .000. N
000 N N N 000 N N 00
0000000000000
000.4' ON 0=0 NO ~ N
00 N ~ 0 ~ 0 ~ ON 0 .4C .4C
000 ~ 00 .45 ~ ~ 0 ~ .45 .4C
~ 0 0,ICNN..CONOONN
NO ~000NO0NO0O
N ~ 00 N - ~ N N NON 0
000 N 00 N N NO= N N
0'400 N . ~ 00 .4C ~ ON
= ON 00 N N N N NO ~
-0
,I!C! l ' 0 NON 0000 . 0Rc ý
054,000 O 'C ~
' C N 0 0 0 0 0 0 ' t0 0 0 0
'CC ON N NON N N N N N
d








N NO 00 ~C N NO 0 N 00~
N.~OC.ON 0 N'C CC 00
0 ~ 0 ~ ~C ~1C 0 ~ 0 N 0 ~
00 NO N CC C- 0~ N 0002ts~~N~0O0
N ~ 00 ~ ~CC 0 .~ 000 4C ~C
CC 4C CC ON 000 ~ 0 N 000
N
CC N ~0 .4' 0 ~ N NON 00 N
N N NO.4000.4' 0.4' NO CO



















P- Es 0 4-axw
00NCC 0
i000»0-00
.- N 00= N .45
WS^-l^ 0,
z000 N NQ E
00IN N0t - N O
8^ p0G»k ^ ^ MS
N> -i00 = N t




EXPLANATION OF THE FACTOR 5000 S
In the first place it should be borne in mind that the purpose of
the formula is to arrive at the actual weight of unit coal, and to derive
the actual heat per unit weight to be credited to this material. There-
fore, for this particular purpose, sulphur must be eliminated.
The expression 5000 S has been used as indicating the heat of
combustion of the sulphur, rather than 4050, for the reason that the
latter value represents the heat of combustion of pure sulphur, while
the former combines the heat of combustion of pyrites, FeS,, which
should include the heat of formation of iron oxide, Fe2,O, to give the
figure desired.
According to Somermeier,* in the combustion of coal with known
weights of iron pyrites, the indicated heat per gram of sulphur so
combined is 4957 calories. In calculating heat values the correction
introduced for the combinations resulting from calorimeter reactions
as compared with open air combustion is 2042 calories per gram of
pyritic sulphur. Hence 4957-2042, or 2915 calories (5247 B.t.u.),
represents the heat due to the burning of one gram of sulphur in
pyritic form instead of 2250 calories (4050 B.t.u.), the amount which
would be credited to sulphur in the free condition. A strict applica-
tion of these values, therefore, would call for a correction of 5247 S
as representing the heat to be subtracted for the sulphur. This would
imply that all of the sulphur is in pyritic form but, since a certain
portion is always present in organic or other form of less heat pro-
ducing capacity, it is deemed more nearly correct to use an even
factor of 5000 as representing the heat to be credited to unit amounts
of the total sulphur present.
*Jour. Amer. Chem. Soc., 26,566.
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